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In this paper, the compression behavior of cement-treated soil with various cement contents and zinc concentrations is presented and modeled
by the destructuring framework and the concept of the Intrinsic Compression Line (ICL). The void ratio of a cement-treated sample with Zn
contamination is the sum of the void ratio sustained by the intrinsic soil fabric (destructured void ratio) and the additional void ratio due to
cementation. The compression index at the pre-yield state, Cs, increases as the Zn concentration increases or as the cement content decreases.
At the post-yield state, the additional void ratio is inversely proportional to the effective vertical stress. The rate of reduction in the additional void
ratio is controlled by the destructuring index, b. The values for b and yield stress are mainly dependent upon the degree of cementation, which is
controlled by the cement content and the Zn concentration. Based on a critical analysis of the test data, a practical (simple and rational) method
for assessing the compressibility of cement-treated soil with various Zn concentrations is suggested. The proposed predictive method is useful not
only for quickly determining compression curves, with acceptable errors, but also for examining the results of tests on cement-treated zinc-
contaminated soil.
& 2014 The Japanese Geotechnical Society. Production and hosting by Elsevier B.V. All rights reserved.
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der responsibility of The Japanese Geotechnical Society.revised industrial policies which aim to reduce the environ-
mental impact caused by the insufﬁcient control of discharged
wastes from such plants. Most of the original sites are rich in
heavy metals such as zinc, lead, chromium, and copper (Chen
et al., 2011). These soils contaminated by heavy metals are not
only hazardous to the environment and human health, but also
lead to a reduction in the bearing capacity of foundations
(Khan et al., 2004). For these reasons, it has become necessary
to adopt effective and economical remediation technologies to
treat the soils contaminated by heavy metals.
Solidiﬁcation/stabilization (S/S) is a widely used remedia-
tion technology, which involves mixing the contaminated soilsElsevier B.V. All rights reserved.
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improve their mechanical properties by physical and chemical
means (Chen et al., 2011; Du et al., 2012a, 2012b, 2013,
2014a, 2014b). Solidiﬁcation can encapsulate the soils con-
taminated by heavy metals in a monolithic solid with high
structural integrity and enhanced mechanical properties, such
as unconﬁned compressive strength (Chen et al., 2009; Du
et al., 2012a, 2012b).
Studies in literature have proven that the types and the
concentrations of heavy metals considerably affect the strength
of cement-based solidiﬁed/stabilized contaminated soils (Chen
et al., 2011; Du et al., 2012a, 2012b, 2013; Mulligan et al.,
2001; US EPA, 2004). Previous works have shown that the
presence of zinc oxides retards the cement hydration, resulting
in a reduction in strength of cement-based materials (Chen
et al., 2009; Stegemann and Buenfeld, 2002; Zhou et al.,
2009). The retardant effect is attributed to the precipitation of
calcium zincates (Ca[Zn(OH)3H2O]2) due to the interaction
between zinc and cement components (mostly in the form of
tricalcium silicate, C3S), which wrap around the cement
particles (coating effect) and form a barrier between
the cement particles and water (Yousuf et al., 1995; Du
et al., 2012a, 2013). As a result, the formation of cementitious
products, such as calcium silicate hydrates (CSH), is sup-
pressed and this causes a reduction in strength.
Most researchers have merely focused on the effect of the
types of heavy metal and the concentration levels on the
development of strength in the cement-treated zinc-contami-
nated soils (Chen et al., 2011; Du et al., 2012b, 2013, 2014a,
2014b), while studies on the compression behavior of cement-
treated soils contaminated by heavy metals are very limited.
Burland (1990) proposed the concept of an Intrinsic
Compression Line (ICL) based on numerous oedometer tests
on reconstituted clay at initial water contents of 1.0 to 1.5
times the liquid limits (mostly 1.25 times). He also proposed
the concept of a sedimentation compression line (SCL) for
natural sedimentary clays. The effect of the soil structure
(fabric and bonding) on the compression characteristics of
natural structured clays was successfully assessed by compar-
ing the location of the oedometer compression curves of
structured soils to the ICL and SCL in a semi-logarithmic
diagram of the void index (Iv) versus the compression stress (p,
kPa). The concept has been shown to be powerful for
analyzing and assessing the compression behavior of recon-
stituted clays (Horpibulsuk et al., 2011c; Liu et al., 2013).
Chiu et al. (2009) investigated the effect of the cementation
structure on the compression behavior of cement-treated sludge
by referring to the ICL. Tremblay et al. (2001) evaluated the
inﬂuence of the organic content on the compression character-
istics of lime-treated natural sedimentary clays with reference to
the ICL and SCL. Horpibulsuk et al. (2004) proposed a
generalized compression line for cement-treated soils using
the ICL as a framework. Based on the ICL concept, Liu and
Carter (1999 and 2000) proposed a destructuring framework to
predict the compression curves of various structured soils. Their
method has been extended to predictions of the compression
curves for natural structured Bangkok clay with various degreesof sample disturbance (Horpibulsuk et al., 2007), cement-
treated clay (Horpibulsuk et al., 2010; Suebsuk et al., 2011)
and cellular lightweight cemented clay (Horpibulsuk et al.,
2013).
To the authors' knowledge, only a very limited number of
studies have been done on the applicability of the ICL concept
and the destructuring framework for modeling the compres-
sibility behavior of cement-treated soils contaminated by heavy
metals. The compressibility behavior is an important issue for
the deformation analysis of geotechnical structures and for the
theoretical modeling of the soil behavior (e.g., Burland, 1990 and
Horpibulsuk et al., 2010). Accordingly, the objectives of this study
are (1) to investigate the inﬂuence of the zinc concentration and the
cement content on the compression characteristics (consolidation
yield stress σ0y and compression index at pre- and post-yield states)
of cement-treated zinc-contaminated soil; (2) to estimate the
compression curves of cement-treated soil at various degrees of
cementation, i.e., cement contents and Zn concentrations; and (3) to
propose a practical (simple and rational) method for assessing the
compression curves of cement-treated soil at various degrees of
cementation.
2. Materials and methods
2.1. Testing materials
The soil used in this study was collected from Lianyungang
City of Jiangsu Province in China. The natural water content
was 45% and the speciﬁc gravity was 2.72. The liquid and
plastic limits were 55% and 26%, respectively. The soil
consisted of 4.8% sand, 69.5% silt, and 25.7% clay. Based on
the Uniﬁed Soil Classiﬁcation System (USCS), the soil was
classiﬁed as high plasticity clay (CH). The grain size distribution
was measured using a laser particle size analyzer. The main clay
mineral compositions were a illite-smectite mixed layer mineral,
illite, and kaolinite (Liu et al., 2011). The dominant ions in the
soil pore water were sodium and chloride (Liu et al., 2011).
Locally produced cement was used as a binder. The major
chemical compositions of the cement were 49.18% calcium
oxide (CaO), 26.01% silica (SiO2), and 10.61% aluminum oxide
(Al2O3). Based on ASTM C150, the cement was classiﬁed as
Portland cement Type I. In this study, zinc (Zn) was selected as
the target heavy metal because it is commonly encountered at
contaminated sites in China (Chen et al., 2011; Du et al.,
2012a). A zinc nitrate (Zn(NO3)2) solution, which was used to
make the artiﬁcial zinc-contaminated soil, was prepared by
dissolving the zinc nitrate hexahydrate (Zn(NO3)2  6H2O)
powder (Analytical Reagent grade) in the distilled water. The
reason for choosing nitrate is that it is inert for cement hydration
(Cuisinier et al., 2011).
2.2. Sample preparation and testing methods
To prepare the cement-treated zinc-contaminated soil sam-
ples, oven-dried soil was ﬁrstly mixed thoroughly with a
predetermined volume of Zn(NO3)2  6H2O solution to reach
the initial water content of approximately 60%. Cement
Fig. 1. Compression behavior of structured clays (modiﬁed from Liu and
Carter, 1999).
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minutes to achieve a homogeneous slurry (Horpibulsuk et al.,
2012b). The slurry was then put into a 70 mm cubic iron mold,
wrapped in a vinyl bag, and cured at 2072 1C and a relative
humidity of 95. After 7 days, the cubic samples were carefully
cut into standard oedometer rings, with a diameter of 61.8 mm
and a height of 20 mm, wrapped in vinyl bags, and cured
under the same conditions for another 21 days. The samples
were then saturated by applying a vacuum pressure of 80 kPa
for about 18 h, which effectively eliminated the inﬂuence of
suction on the compression behavior. After that, one-
dimensional consolidation tests were conducted as per ASTM
D2435.
The bilogarithmic method proposed by Butterﬁeld (1979)
was used to determine the consolidation yield stress (σy0) of the
samples. The yield stress was obtained as the point of the
intersection of two straight lines extended from the linear
portions on either end of the compression curve plotted as
ln (1þe) against log σv0. Literature has shown that this method
is well applied to determine the consolidation yield stress of
natural structured clays (Onitsuka et al., 1995; Horpibulsuk
et al., 2007). This method was also used to satisfactorily
estimate the yield stress of cement-treated soils (Miura et al.,
2001; Horpibulsuk et al., 2011a, 2011b, 2012a, 2013; Chiu
et al., 2009).
In this study, the cement contents, C, were 12 and 15%. The
zinc concentrations were varied from 0 to 2% (oven-dried soil
mass basis), since these concentration levels are commonly
encountered at contaminated sites in China (Chen et al., 2011;
Du et al., 2012a, 2012b; Du et al., 2013). For all the samples, the
initial loading stress was 12.5 kPa and the loading stress
increment ratio was 1.0. The highest vertical stress was
6400 kPa. Based on an analysis of the test data, a practical
(simple and rational) method is suggested to assess the compres-
sion curves with various degrees of cementation. In addition to
the above-mentioned laboratory tests, the results of consolidation
tests on two separate cement-treated samples (C¼12%, Zn
concentration¼0.2% and C¼15%, Zn concentration¼0.5%)
were taken to verify the suggested method using the destructuring
framework presented in the subsequent section.
3. Destructuring framework
A material idealization of the compression behavior of
artiﬁcially structured clays is shown in Fig. 1. The compres-
sion index is low up to the yield stress, σy0, due to the
contribution of the structure (Horpibulsuk et al., 2013).
Beyond the yield stress, there is sudden compression of a
relatively high magnitude, which is indicated by the steep
slope and attributed to the destructuring. When the structured
clay undergoes destructuring, the additional void ratio due to
soil structure es decreases. As vertical effective stress σ0v
increases, the compression curves corresponding to the struc-
tured clay appear to be asymptotic to the curve for the
destructured (completely remolded) clay. The inﬂuence of
the soil structure tends to diminish as σ0v increases. Progressive
destructuring accompanies the plastic yielding (irrecoverabledeformation) that is associated with the virgin compression
(Nagaraj et al., 1998; Liu and Carter, 1999; Nagaraj and
Miura, 2001; Horpibulsuk et al., 2007). The void ratio at a
particular effective vertical stress can be expressed as follows:
e¼ eRþes ð4Þ
where e represents the void ratio for a structured soil, eR is
the void ratio for the corresponding destructured soil, and es is
the additional void ratio attributed to the soil structure. eR
is the void ratio supported by the intrinsic soil fabric of the
destructured (completely remolded) sample.
The compression behavior of coarse-grained soils is con-
trolled by the stress transmitted through the inter-particle
contacts in strong force chains that result in particle breakage
if the applied stress is sufﬁciently large, whereas the physical–
chemical forces between the particles control the compression
behavior of clays (Shipton and Coop, 2012). Thus, the
relationship between the void ratio and the effective vertical
stress of destructured clay is intrinsic and independent of the
natural state, which is inﬂuenced by time and the environment
(Nagaraj et al., 1998; Burland, 1990).
The liquid limits of clays have the same order as pore water
suction (5–6 kPa) (Russell and Mickle, 1970; Wroth and Wood,
1978; Whyte, 1982). Under this state, most clays exhibit
hydraulic conductivity of the same order of 10–9 m/s (Nagaraj
et al., 1993; Horpibulsuk et al., 2007) and undrained shear
strength of about 1.7–2.5 kPa (Wroth and Wood, 1978; Whyte,
1982). Consequently, the liquid limit is regarded as the state
parameter and used to develop the Intrinsic State Line (ISL) by
Nargaraj et al. (1994, 1998). Based on a critical analysis of the
results of compression tests on 11 different clays with various
liquid limits, ranging from 36% to 159%, the eR at a given
effective vertical stress is approximated in terms of the liquid
limit using the following equation (Nagaraj et al., 1994):
eR
eL
¼ 1:2300:276 log σ0v for 20 kPaoσ0vo1000 kPa ð5Þ
where eL is the void ratio at the liquid limit and σv0 is the
effective vertical stress (kPa). This proposed equation has been
Fig. 2. Compression curves of cement-treated zinc-contaminated soil at 12%
cement.
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clays (Horpibulsuk et al., 2007, 2011c, 2013).
Liu and Carter (1999, 2000) analyzed a large body of
compression test data (both one-dimensional compression tests
and isotropic compression tests), for 29 naturally structured
clays and one artiﬁcially structured clay, and found that es in
the virgin yielding state is inversely proportional to σv0ð Þb,
where b is the destructuring index, quantifying the rate of
destructuring. The additional void ratio is expressed in the
following form:
es ¼ esy
σy0
σv0
 b
ð6Þ
where esy is the additional void ratio corresponding to the yield
stress on the compression curve. esy is determined by con-
sidering that when σv0=σy0,
esy ¼ eyeRy ð7Þ
where ey and eRy are the void ratios of the structured and
destructrured curves corresponding to the yield stress,
respectively.
Parameter b represents the rate of reduction in the additional
void ratio with loading. The rate of the removal of the soil
structure increases with the magnitude of b (i.e., the faster the
destructuring, the higher the b value). The b value can be
determined by the rate of the change in void ratio over the
change in effective vertical stress at the virgin yielding state
with the consideration of the power relationship described by
Eq. (6). A detailed parametric study on parameter b can be
found in a paper by Liu and Carter (2000). This parametric
study shows the capacity of the proposed model for various
soils with different degrees of destructuring, i.e., the proposed
model can simulate various structured clays. The b value
mainly depends on the type of soil structure, namely, the clay
fabric (mainly controlled by water content and clay type) and
the cementation bond. Generally, bZ1 for natural soft clay
with a high water content and low to moderate shear strength
(high sensitivity) (Liu and Carter, 2000). Horpibulsuk et al.
(2007, 2013) showed that the b value strongly depends on the
structure. The destructuring framework has been incorporated
into many constitutive models, such as the Structured Cam-
Clay model and the Modiﬁed Structured Cam-Clay model (Liu
and Carter, 2002, 2003; Horpibulsuk et al., 2010; Suebsuk
et al., 2010, 2011) for deformation analyses. The validity of
the proposed destructuring model is illustrated by these authors
for different naturally and artiﬁcially structured clays.
4. Test results
Figs. 2 and 3 show the e versus log σv0 compression curves
of the treated soil samples at the cement contents of 12 and
15%, respectively. In all the ﬁgures presented in this study, the
symbol Zni denotes a sample with a zinc concentration of i%.
The results of the tests on the controlled samples (cement-treated
uncontaminated sample, ZnO) are shown in Figs. 2 and 3 for
comparison purposes. The destructured line obtained from Eq. (5)
is plotted in Figs. 2 and 3 to estimate the compression curves fordifferent Zn concentrations. The σy0 values, shown in the e versus
log σv0 curves in Figs. 2 and 3, were predetermined using the
bilogarithmic method (ln (1þe) versus log σv0 curves) proposed
by Butterﬁeld (1979). The initial void ratios for all the samples
are slightly different, even though they were made up at the
approximately same initial water content of 60%. The initial void
ratio is lower for a higher cement content or a lower Zn
concentration. The compression index at the pre-yield state, Cs,
increases as the cement content decreases and the Zn concentra-
tion increases.
Burland (1990) indicated that due to the structure effect, the
compression behavior of structured soils differs considerably
from that of destructured soils. The cement-treated zinc-
contaminated soil is considered as artiﬁcially structured soil
whose soil particles are bonded with cementitious products,
such as C–S–H. A higher cement content yields a greater
degree of cementation and resistance to compression stress
(Miura et al., 2001; Horpibulsuk et al., 2004, 2005, 2011a,
2011b; Sasanian and Newson, 2014). The compression curves
of the cement-treated Zn-contaminated soil are above the
destructured curve for all the cement contents and Zn
concentrations tested. It is obvious that the void ratio (e)
decreases with the increase in vertical stress for all cases.
Figs. 2 and 3 depict that for a given cement content and
Zn concentration, the Cs value is essentially constant and
irrespective of the effective vertical stress. The relationship
between the Cs versus cement content and the Zn concentration
Fig. 4. Relationship between Cs and Zn concentration.
Fig. 3. Compression curves of cement-treated zinc-contaminated soil at 15%
cement.
Table 1
Presents the relationship between σy 0 and Zn concentration for C¼12%
and 15%.
Zn concentration (%) Yield stress, σ0y
C¼12% C¼15%
0 1750 2200
0.2 750 1700
0.5 250 425
1 200 225
2 150 175
Y.-J. Du et al. / Soils and Foundations 54 (2014) 1018–10261022for C¼12% and 15% is presented in Fig. 4. For a particular
cement content, the Cs value increases sharply with the Zn
concentration up to a Zn concentration of 1%. Beyond this
concentration, the increase in the Cs value with the Zn
concentration is insigniﬁcant. The Cs value varies from 0.05–
0.12 for C¼12% and from 0.04–0.11 for C¼15%. The
difference in Cs values between C¼12% and C¼15% is
almost the same for various Zn concentrations and is
approximately 0.01.
The virgin compression curves of all the Zn-contaminated
samples can be well predicted by Eqs. (4)–(7). The effect of
the Zn concentration on the yield stress and the destructuring
index (b) is clearly observed in Figs. 2 and 3. A higher Zn
concentration retards the degree of hydration and the strength
of the cementation bond, hence, the reduction in shear strength
and yield stress. When the zinc concentration increases up to
2%, σy0 decreases signiﬁcantly from 1750 kPa (12% cement
content, Zn0) and 2200 kPa (15% cement content, Zn0) to
approximately 150 kPa (12% cement content, Zn2) and
175 kPa (15% cement content, Zn2).
Table 1 presents the relationship between σy0 and the Zn
concentration for C¼12% and 15%. The reduction in σy0
with the Zn concentration shows a similar pattern for both
cement contents. For a given cement content, the yield stress
decreases remarkably with the Zn concentration until the Zn
concentration of 0.5% is reached. Beyond this value, thereduction in σy0 is insigniﬁcant. As such, the Zn concentration
of 0.5% is designated as the threshold concentration. At a low
Zn concentration (o0.5%), the increase in cement content
enhances the yield stress. However, the effect of the cement
content does not play any signiﬁcant role in the development
of σy0 when the Zn concentration is greater than 0.5%.
The virgin compression curve is non-linear (vide Figs. 2
and 3) and is represented well by the destructuring index, b.
The b value was determined by curving-ﬁtting because the
values of the other two parameters (σy0 and Cs) can be
determined based on their physical meanings. The yield stress
was obtained with the bilogarithmic method and the com-
pression index was directly obtained from slope of the
compression data at the pre-yield state. The b value is
dependent upon the cement content and the Zn concentration
(vide Fig. 5). For the same cement content, the b value
decreases sharply with an increasing Zn concentration when
the Zn concentration is less than the threshold concentration,
namely, 0.5%. Beyond the threshold concentration, the
decrease in the b value is insigniﬁcant. A high b value
exhibits a rapid destructuring response. The greater degree of
cementation is associated with the higher value of b. This is
due to the sudden break-down of the cementation bond for a
high cementation bond (Horpibulsuk et al., 2004, 2010). In
other words, the b value decreases as the Zn concentration
increases and the cement content increases.
Fig. 5. Relationship between b and Zn concentration.
Fig. 6. Relationship between compressive strength and Zn concentration.
Fig. 7. Relationship between Cs and yield stress.
Fig. 8. Relationship between b and yield stress.
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unconﬁned compressive strength, qu, of the treated samples
obtained from Du et al. (2013). The Zn concentration of 0.5%
is also the threshold concentration for the strength develop-
ment. Comparing Fig. 6 with Table 1, the reduction in σy0 with
an increasing Zn concentration is more signiﬁcant than that in
qu. The σy0 decreases by almost 8 times of the original value
(ZnO) when the Zn concentration increases from 0% to 0.5%
while the qu decreases by 1.3 times of the original value. This
implies that the compressibility of the cement treated soil is
more sensitive to changes in the Zn concentration.5. Assessment of compression curves
Miura et al. (2001) and Horpibulsuk et al. (2004, 2005)
revealed that the compression index at the pre-yield state and
the rate of destructuring is directly related to the degree of the
cementation bond, reﬂected by σy0. As seen in Figs. 4 and 5,
the high cementation bond (high cement content and low
Zn concentration) causes a low compression index at the
pre-yield state and rapid destructuring at the post-yield state.Consequently, Cs and b are directly related to σy0, as shown in
Figs. 7 and 8 and presented in the following form:
Cs ¼ 0:6597σ0y0:3548 ð8Þ
b ¼ 0:221þ0:0107 σ
0
y
Pa
 
ð9Þ
where Pa is the atmosphere pressure (kPa). The degrees of
correlation in Eqs. (7) and (8) are 0.953 and 0.970,
respectively.
It is logical to relate the yield stress with the unconﬁned
compressive strength because both are generally dependent on the
cementation bond. Fig. 9 presents the relationship between the
yield stress in the K0-consolidation, σy0, and the unconﬁned
compressive strength (reported by Du et al., 2013) for cement-
treated samples with different cement contents and Zn concentra-
tions. The cement-treated clay samples for the unconﬁned
compression tests contain the same type of soil and water content,
the same cement type and contents (C¼12% and 15%), the same
Zn concentrations (Zn¼0%, 0.2%, 0.5%, 1% and 2%), and the
same curing conditions as those for the compression tests
Fig. 9. Relationship between yield stress and compressive strength. Fig. 10. Predicted compression curve for C¼12% and Zn¼0.2%.
Y.-J. Du et al. / Soils and Foundations 54 (2014) 1018–10261024presented in this study. The relationship between σy0 and qu is
unique, regardless of the cement content and the Zn concentra-
tion, and is presented in the following form:
σy
0 ¼ 2:28expð0:0058quÞ ð10Þ
with the high degree of correlation of 0.90.
Based on the test results and the critical analysis, a practical
method for predicting the compression curves of cement-
treated samples for various degrees of cementation is sug-
gested. The unconﬁned compressive strength is proposed as an
engineering parameter representing the degree of cementation,
because it can be obtained simply from conventional labora-
tory tests. The method is comprised of the following steps:(1)Fig. 11. Predicted compression curve for C¼15% and Zn¼0.5%.Determine the destructured compression curve by either
conducting compression tests on the completely remolded
clay or approximating it from Eq. (5).(2) Determine the unconﬁned compressive strength of the
cement-treated soil at the required Zn concentrations.(3) Determine Cs and b from σy0, using Eqs. (8) and (9), where
σy0 can be approximated from the unconﬁned compressive
strength using Eq. (10).(4) From the known Cs, determine the void ratio at the yield
stress and draw a compression path at the pre-yield state.(5) Draw a compression path at the post-yield state using
Eqs. (4)–(7).Figs. 10 and 11 show the predicted compression curves
for the two separate cement-treated samples, with (C¼12%)
and 15%, based on the suggested stepwise procedure. The Zn
concentrations are 0.2% for C¼12% and 0.5% for C¼15%.
The destructured line was drawn using Eq. (5). The Cs values
obtained from Eq. (8) are 0.063 and 0.077 for C¼12% (Zn 0.2)
and C¼15% (Zn 0.5), respectively. The b values obtained from
Eq. (9) are 0.296 and 0.266 for C¼12% (Zn 0.2) and C¼15%
(Zn 0.5), respectively. It is found that the predicted and
measured curves agree well. This reinforces the application of
the proposed method. Even though the empirical relationships
were developed from a speciﬁc soil with limited test data(C¼12% and 15% at a water content of 60%), the formulation
of the proposed relationships are based on sound principles and
can be used for other soils. The generalized empirical relation-
ships can be further reﬁned with the analysis of more data.6. Conclusions
A series of oedometer tests were performed to investigate
the compression characteristics of cement-treated zinc-con-
taminated soil. The effects of the zinc concentrations on the
compression index at the pre-yield state, the consolidation
yield stress, and the rate of destructuring are discussed. The
concept of the intrinsic compression line and the destructuring
framework are adopted to assess the compression curves of the
cement-treated soil with different Zn concentrations. The
following conclusions can be drawn from this study:(1) Zinc concentration leads to a signiﬁcant reduction in the
compression index at the pre-yield state, the consolidation
yield stress, the destructuring index, and the unconﬁned
compressive strength. The compressibility is more
Y.-J. Du et al. / Soils and Foundations 54 (2014) 1018–1026 1025sensitive to changes in the Zn concentration than the
strength. The Zn concentration of 0.5% is found to be
the threshold concentration. At low Zn concentrations
(o0.5%), the increase in cement content can improve
the yield stress. However, the effect of the cement does not
play any signiﬁcant role in the σy0 development when the
Zn concentration is greater than 0.5%.(2) The destructuring framework is capable of predicting the
compression curves of the treated soil with various Zn
concentrations and cement contents. This framework is
simple and only one parameter with a physical meaning is
required for its deﬁnition, i.e., b.(3) The compression index at the pre-yield state, Cs, and the
destructing index, b, are mainly governed by the strength
of the cementation bond (cement content and Zn concen-
tration), which are reﬂected by the yield stress. The sample
with high cementation bond strength shows small com-
pression at the pre-yield state and rapid destructuring
during the virgin yielding. Consequently, the Cs value is
low and the b value is high for high yield stress.(4) The rational empirical relationships between Cs and b
versus σy are proposed. The formulation of the proposed
relationships is based on sound principles. Using the
proposed relationship, a practical method for predicting
the compression curves of cement-treated soil with various
Zn concentrations is introduced using qu, which is simply
obtained from conventional laboratory tests. This method
can be used as a practical tool for the compressibility
analysis of various Zn concentrations encountered in
solidiﬁcation improvement. It has been veriﬁed by the
results of separate tests on two cement-treated soil samples.Acknowledgments
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